We discuss the electronic structure of a grain boundary in a metal, using a tight-binding s-like Hamiltonian. We consider the symmetrical tilt boundary in an fcc crystal, with a misorientation angle of 36 52' between the (100)axis of the grains. Two different microscopic models, obtained by computer simulation techniques, and corresponding to the same macroscopic boundary parameters, are studied. The calculation indicates the presence of localized states associated with the boundary. Rudimentary relaxation is introduced to restore charge neutrality at the boundary. The band-energy contribution to the specific boundary energy is evaluated.
On the theoretical side, computer simulations have been employed to provide better microscopic models for the atomic arrangements in the neighborhood of the boundary. ' " Such studies also yield grain boundary energies. Although these computer simulations are still controversial, and there is no hope of experimentally detecting in the near future the atomic arrangements characteristic of a given macroscopic boundary geometry, they provide a less speculative starting point for grain boundary studies than previous models.
In the past decade, the great interest in surfaces and interfaces has resulted in the development of many theoretical tools for dealing with systems with reduced translational periodicities. These, combined with the available information concerning grain boundaries, allow us to study the electronic structure of such important defects. Yndurain and Falicov discussed already the electronic structure of a stacking fault in an fcc metal. " The H""(n',n, k)=0 for n' n&1. - (2.4) In the bulk of the half crystals, that is, for n and n' sufficiently large, we have 
where n denotes all the other indices necessary to classify the orbitals and
is the resolvent of the Hamiltonian (2. 1). H""(22, 22 -I,k)=H"" (-22, -22 
Our aim is to calculate the spectral density of
(2. 12)
In writing these equations we make the assumption that relaxation effects are important only at the surface layer and between the surface layer and the layer immediately below it. The ansatz (2. iS)
solves the set of equations (2. 12), and we find (2. 14) 
where G, is given by (2. 15).
A similar calculation yields for the top layer of the half crystal in the presence of the boundary (2. 18) (2. i9) For the second layer we find
where (1,1)=E,
(1,2) = Vi2(1+ n *)
(1, 3)= V(3$ *
(1 4)= Vg44*(1+m*) Weight moved up in energy, the structures in the continuum are also displaced in the same direction.
As can be seen from Table VI , there is practically no change in the weight of the localized states. The relaxation mechanism adopted is not the only one possible; physically it is clear that changes in the overlap matrix elements are also necessary. However, the presence of a localized state associated with the boundary is probably independent of the choice of parameters, provided this is done within a reasonable interval. These states do not exist throughout the 2D BZ, but are concentrated near its center. In Fig where N" is the total number of atoms in the layer. The energy density is obtained by dividing (3.4) by the total interface area -= -g v"(U"-U"), Fig. 1 
